A 26 week gestation infant had an increasingly elevated right hemidiaphragm following drainage of bilateral pleural effusions and failed extubation on numerous occasions. Electric stimulation of the phrenic nerves revealed absent activity on the right, indicating phrenic nerve injury from chest tube drain insertion. Diaphragmatic plication was performed and the infant successfully extubated four days later.
E xtubation failure occurs in approximately 33% of premature infants. This is usually the result of immature respiratory control or an imbalance between respiratory muscle strength and respiratory load. The diaphragm is the main respiratory muscle in neonates and thus phrenic nerve injury, although rare, can also cause respiratory embarrassment.
CASE REPORT
A 26 week gestation, male infant, birth weight 1024 g, responded well to surfactant administration and had minimal ventilatory requirements by day seven. Chest radiographs confirmed the initial diagnosis of respiratory distress syndrome (RDS) and that he had normally positioned hemidiaphragms. On day 10, the baby had increasing ventilatory requirements, acidosis, and hypotension. The infant became increasingly oedematous and developed bilateral pleural effusions, which were drained on day 33 using size 10F Argyle catheters using a technique of accepted standards (figure 1a). Subsequent chest radiographs demonstrated an increasingly elevated right hemidiaphragm (figure 1b), a right phrenic nerve injury was suspected. Unfortunately, despite minimal ventilatory requirements the infant failed at least four trials of extubation over the subsequent weeks. During this period, his lung volume, assessed by measurement of the functional residual capacity, was 20 ml/kg (normal range 24 to 36 ml/kg). Transdiaphragmatic crying pressures were 20 cmH 2 O (the expected value an infant of this gestation is 40 cmH 2 O 1 ). Ultrasound examination revealed a markedly hypokinetic right diaphragm. Percutaneous electric stimulation of the phrenic nerves was performed using bipolar electrodes placed over the sternomastoid muscle. Reproducible responses could only be obtained on the left (figure 2), confirming the diagnosis of right phrenic nerve injury with no recovery. The infant underwent a thoracotomy and plication of the right hemidiaphragm on day 75. He was successfully extubated on the fourth postoperative day. After three days of nasal continuous positive airways pressure, he subsequently required only minimal amounts of supplementary oxygen via nasal cannulae.
DISCUSSION
Chest drain insertion in infants has been associated with a number of complications. In an early series, direct perforation of the lung has been reported to occur in up to 25 % of cases, this may lead to a bronchopleural fistula. 2 Trauma to the thoracic duct at the posterosuperior mediastinum may result in the development of a chylothorax. 3 Haemorrhagic pericardial effusion, causing cardiac tamponade has also been reported following chest drain insertion. 4 Very rarely phrenic nerve injury in neonates, which can occur following birth trauma or cardiothoracic surgery, results from chest drain placement. 5 6 Phrenic nerve injury is most likely to occur if the drain is placed deep in the chest where the phrenic nerve runs over the mediastinum. In the infant we report, the most likely cause was direct nerve injury cause by the chest drain tip (figure 1a). Although both chest drains abut the mediastinum (figure 1a), we speculate the left drain was in a different position with respect to the phrenic nerve and hence no injury was caused. Chest drains allowed to remain across the mediastinum have even been reported to cause pressure necrosis of the oesophagus. 7 The impact of the phrenic nerve damage and the consequent raised right hemidiaphragm is demonstrated by the low lung volume of the infant. In addition, the crying transdiaphragmatic pressures were approximately 50% of expected. 1 One explanation for the poor respiratory muscle function could be disuse atrophy resulting from the prolonged ventilation. We, however, suggest that the low pressures generated were the result of the right phrenic nerve abnormality, as three days following diaphragmatic plication the infant was successfully extubated.
Diagnosis of phrenic nerve injury is often delayed due to the rarity of the complication and the lack of appropriate, readily available tests. Early diagnosis is particularly difficult in ventilated patients, as the radiographic appearances may be obscured by the effects of positive pressure ventilation. The commonest investigation is ultrasound examination of the diaphragm, but this only provides a qualitative assessment and does not discriminate between diaphragmatic and phrenic nerve dysfunction. The latter condition can be diagnosed by direct stimulation of the phrenic nerves and demonstration of prolonged phrenic nerve latency or an absent signal. The technique has been shown of value in the postoperative management of children who have undergone cardiothoracic procedures 8 but, to our knowledge, has not been used before to diagnose the cause of extubation failure in a preterm infant.
A high proportion of infants, 72% in one series, 9 with phrenic nerve injury due to obstetric or operative trauma require surgical plication of the diaphragm. Following plication improvement is usually rapid, as in our patient. In 50 patients aged between 4 days and 7 years the mean time for withdrawal of ventilatory support postoperatively was three days (range 0 to 6). 7 Such data argue for early intervention and hence avoidance of prolonged ventilation with the associated increased risk of complications such as nosocomial pneumonia. 10 Spontaneous recovery is unlikely if there are persistent signs of phrenic nerve palsy one month post insult. 9 In this infant, use of electric stimulation and demonstration of an absent response from the right phrenic nerve confirmed the lack of recovery and thus determined the timing of the surgical intervention. Extubation failure due to phrenic nerve injury F73
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